Accessing the insular cortex for imaging and recordings
Animals were tracheotomized under 1.6 mg / g urethane anesthesia, and both sides of the hypoglossal nerve were severed to immobilize the tongue. Additional anesthesia was provided using 1-2% isoflurane ventilated through the tracheotomy incision; the mouse's head was secured in a custom-made holder using dental acrylic to eliminate the risk of damaging the taste responsive chorda tympani nerve during surgery. To gain access to the insular cortex, an incision was made to expose the masseter muscle, and the mandible was then retracted to reveal the ventral-lateral surface of the skull; this allowed clear visualization of the lateral olfactory tract, the MCA and RV; as vascular landmarks varied slightly from animal to animal, many imaging fields were explored near the location of the expected hot spots. A custom-made chamber was cemented to the skull (to create a watertight compartment), and a small 1 x 1 mm craniotomy, approximately 2 mm dorsal to the lateral olfactory tract and either anterior or posterior to the MCA (see Fig. 1 ), was drilled over the insular cortex. After removal of the skull, the chamber was filled with warmed (37 ˚C) artificial cerebrospinal fluid (ACSF): 125 mM NaCl, 5 mM KCl, 10 mM glucose, 10 mM HEPES pH 7.4, 2 mM CaCl 2 , and 2 mM MgCl 2 . While hot spots were identified by following vascular landmarks, it should be noted that the relative positions of cortical arteries and veins often varies slightly between animals leading to small variations in the relative location of the hot spots after reconstruction (see for example Fig 2f and 4a) . The bitter cortical field was located ~1 mm dorsal to the rhinal veins and ~1 mm posterior to the MCA; the sweet hotspot was approximately 2.5 mm rostro-dorsal to the bitter field; the umami hot spot was approximately 1 mm ventral to the sweet cortical field and the NaCl cortical field was approximately 1 mm from both the sweet and umami hot spots.
For single unit recording, a tungsten electrode (resistance 2.0-4.0 MΩ) was used to isolate individual gustatory neurons in the insular cortex. The electrode was advanced through the dura and into the brain with an electronically controlled micropositioner.
Signals were amplified, bandpass filtered at 600-6000 Hz, and digitized with a Neuralynx data acquisition system. A neuron was considered a responder (i.e. to sweet, bitter, sour, umami or salty stimuli) if the increase in spike frequency was statistically significant above the pre-stimulation rate (one-way ANOVA P < 0.05); spike activity during the 5 sec window of tastant application was averaged for each trial (n ≥ 6) and for each of the 5 taste qualities.
Dye Injections
Neurons in layer 2-3 of the insular cortex were bulk-loaded with the calcium-sensitive dye Oregon Green 488 BAPTA-1 AM (OGB-AM) under two-photon microscopy as described previously (S6-S8). We used glass pipettes with 5 μm tips to inject a solution psi to the pipette to pressure eject dye at several sites approx. 300 μm apart from each other, and 200 -250 μm below the surface of the insula. This procedure loaded hundreds of cells in an area with a diameter of about 600 μm (see Fig. 1d ). After dye injection, the craniotomy was covered with 1.5% agarose in ACSF and sealed using dental acrylic with a No. 0 glass coverslip pre-cut to fit inside the custom chamber; this type of cranial window significantly decreased brain movement (S7).
Functional Imaging
Two-photon imaging was carried out using a two-photon microscope with a 40x water to the entire tongue and oral cavity using a pressure-controlled perfusion system. For all experiments, a 30 s pre-stimulus application of artificial saliva (AS) preceded 10 s exposure to the test tastants and was followed by a 30 s AS wash; inter-trial window was 2 min. Unlike studies in the olfactory, visual, auditory or somatosensory system where the stimuli can be delivered and removed within milliseconds, and dozens of trials readily tested, the need to deliver significant amount of fluid to the tongue, and to thoroughly remove and wash the oral cavity between trials necessitates long trial times, thus limiting the total number of trials that can be tested in any one experiment. In general, one out of 4 animals could be successfully imaged (failures likely due to problems with damage to brain during surgery, OGB loading the correct cortical fields, difficulties with anesthesia,
proper triangulation of vascular landmarks, etc); 4 -8 trials (typically consisting of a series of 7 different tastants and AS in each trial) were imaged in each cortical field of view. Tastants used in our study were the highest available grade from Sigma and were dissolved in AS (S1, S4). Tastants were: 1 mM cycloheximide; 10 mM quinine; 10 mM denatonium benzoate; 30 mM acesulfameK; 300 mM sucrose; 100 mM mono potassium L-glutamate (MPG) + 1 mM inosine monophosphate (IMP); 100 mM L-serine + 1 mM IMP; 100 mM D-tryptophan + 1 mM IMP; 100 mM NaCl (low salt); 100 mM NaCl + 10 μM amiloride; 100 mM KCl; 100 mM MgCl2; 10mM citric acid.
After functional recording, the blood vessel patterns both on the surface of the cortical field of view and in adjacent areas, were imaged as reference points for spatial reconstructions. We also regularly recorded the blood vessel pattern over the entire craniotomy to assist in generating response maps from multiple imaging sites.
Image Analysis
The imaging data were analyzed using custom software written in Matlab. Lateral motion artifacts were corrected using the Image Stabilizer plugin in ImageJ. We then averaged the raw images across the entire t-series (i.e. 140 frames for 70s at a 2 Hz sampling rate)
to generate a template used to delineate the outline of the neurons in the imaging field of view. Cell bodies were semi-automatically detected using a fast normalized crosscorrelation routine. Briefly, the averaged images were cross-correlated against a kernel with a size approximating that of an average cell; this image map was thresholded to were also analyzed using the significantly less stringent criteria of 2.5 and 3.0 standard deviations (see Fig. S7 ). All routines were built on a GUI software platform in Matlab to provide an interface that allows visualization and manual editing at each step and permits analysis of experiments in minutes. Program is available upon request (Mariano Gabitto <mig2118@columbia.edu>) 
